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An investigation has been conducted to evaluate the effects of sn 
ell+amv&Le horizonteltailonthe longitudinal characteristics of a 
swepMackwingsndafuselage of atype suitable for long-r-hi& 
speed airplanes. Thewing,wbichwas c&bsred s&l twisted, hsd 813 
aspect ratio of 10, a taper ratio of 0.4, and 400 of sweepback. The 
allemovable horizontal tail hsd an aspect ratio of 4.5, a taper ratio 
of 0.4, and 4C" of sweepback. Wind-tunnel tests were conducted at 
Reynolds mmibers of 2,OCC,OCO and 8,000,000 at low speed end at Mach. 
'mm&mm from 0.25 to 0.90 at aReynolds mmiber of 2,CJOO,OCO. 

Itwas foundthatalasge reductionofthe longitudinal stebility 
of the wing--fuselage--tail combination occurred at lift coefficients 
wellbelow the stall. Analysis of the low-speed results indicated that 
this reduction of longitudinal stability wes caused primerily by 
decreases in the longitudinel stability of the wing-fuselage cor&iru+ 
tion. The use of four fences resulted in nearly con&act longitudinal 
stability ofthewing-fuselage4eilco&inationup to the stallat low 
speeds, and for lift coefficients up to about 0.7 at Mach mmibers 
tram 0.6 to 0.9. The.eJlmvable horizontaltailgrovidednearly con- 
stant ccmtrol effectiveness thrcughcut the lift rsngd-at-each-Mach 
rrmnber. . 
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The aerodynamic problems sssociated with a configuration considered 
suitable for long-range airplanes to fly at high subsonic speeds have 
been the subject of au investigation in the Ames l&foot pressure wind 
tunnel. The longitudinal characteristics of a hig&aspect-ratio swept 
wing in combination with a fuselage of high fineness ratio have been 
presented in reference 1. The present paper is concerned primarily with 
the effects of sn alLmovable horizontal tail on the longitudinal char- 
acteristics of this wing-fuselage combination. 

The results of reference 1 indicate that the pitching-moment char- 
acteristics of the wing, which had 40° of sweepback snd an aspect ratio 
of 10, were considerably improved by the use of fences. The initial 
tests during the present phase of the investigation were therefore 
directed toward determining whether fences .are necessary for the attain- 
ment of satisfactory tsJ.l-on pitching+aoment characteristics. A litited 
number of tests were also conducted to determine the effects of tail 
height. A series of tests with four fences on the wing was conducted 
for several tail incidence6 to evaluate the longitudinal chsracteristics 
of this configuration and the control effectiveness of the all4novable 
horizontal tail. These tests were conducted at Mach numbers of 0.165 
snd 0.25 at aReynolds number of ~,OOO,OOO and at Mach numbers from 0.25 
to 0.9 at aReynolds number of 2,000,OOO. The lift end pitching-momant 
of the isolated horizontal tail were alsomeasured over this Machnumber 
and Reynolds number range. 

. 
- 

NC'I!AT!IoIJ 

Synibols and Parsmeters 

a mean line designation, fraction of chord over which design load 
is uniform 

wing semispp perpendicular to the plene of symmetry 

CD drag coefficient . 

3 lift coefficient 
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pitchingaoment coefficient about the quarter point of the mean 

aerodynamic chord pitching moment' 
( qsc J 

(See ffg. l(a) for location of wing moment center with respect 
to the fuselage. ) 

local chord parallel to the plene of symmetry 

local chord normal to the reference sweep line 

average chord 

mean aerodmc chord 

section lift coefficient 

design section lift coefficient 

incidence of the horizontal tail with respect to the wing root 
chord 

tail length, distance between the qua;rter points of the mesn 
aerodynamic chords of thewing endtbs horizontal tail 

free+3tream Mach mn&er 

free-stream dynsmic pressure 

Reynolds nw&er, based on the wing mean aerodynamic chord 

area of setispan wing or horizontal tall 

sectian maximumthiclmees 
. 

lateral distance from the plane of sym&xy 

angle of attack of the wi~chord at the plane of s-try 
(referred. to herein as the wing root chord) 

effective average d-ash angle 

angle of twist, positive for washin, meaeured in planes parallel 
to the plane of s-try 
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%n 
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tail-control effectiveness 
of attack 

Qt q 9 tail-sfficiencg factor 
0 (Ratfo of the lif%curve 
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parameter, measured for a given a&l8 

slope of the horizontal t&l when 
mounted an the fuselage in the flow field of the wing to the 
lift-curve slope of the fsolated horizontal tail.) 

Stiscripts 

t horizontal tail 

W Wing 

w+f wing-fuselage combination 

The geametry of the model tested during the investigation is shcrwn 
in figures l(a), l(b), and l(c) and in table I. Ths selection of geo- i 
metric properties asd constructian of the wing, fuselage, and upper- 
surface fences have been discussed in detail in reference 1. 

The all-mov&le horizdxl ttilhad an aspect ratio of 4.5, a 'y 
taper ratio of.0.4, and 40' of sweepback. The reference SW= line % 
was the lfne joining the quarter-chord. pofnts of the E%C~~OOlO se&&@ 
which were inclined ho to the plane of s-try. The harizontu - 
had no dihedral and its hinge axis (53.4 percent of the tail root 
chord) was not swept. The hinges axis was either at the intersection of 
the fuselage center line andtha plane of the wing root chord and lead- 
ing edge or 5 percent of the wing semispan a;bove this intersection. 
The area-of the horizontal tail was 20 -percent of the wing area and the 
tail length was 3.25 F, resulting in a tail volume of 0.63. 

Aphotograph of themodelmountedinthe wind. tunnel is shownin 
ffgure 2. The turnt&le.upon which the model was mated is directly 
connected to the balance system. 
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The data have been corrected for constriction effects due to the 
presence of the tunnel walls, for txmnelaa31 interference effect orig- 
inating fromiift onthewlng, and for dragtares causedbythe aerody- 
namic forces op the exposed portion of the turntable uponyhich the 
modelwas mounted. The constriction sad tunnelaall interference cor- 
rections to the d&a obtained from tests of the isolated horizontal tail 

. were found to be negligible. 

The dynsmic pressure was corrected for constriction effects due to 
d the presence of the turnel walls by the methods of reference 2. These 

corrections were not modified to allow for the effects of sweep. These 
corrections and the corresmng corrections to the Mach nuziber sre 
listed in the foILLowing table: 

c 

Corrected Uncorrected qcorrected 
Machnuniber Machmruiber %ncorrected 

0.165 0.165 1.003 
25 -250 1.004 
-60 .5g8 1.006 
.80 l 793 l.Oll 

1.014 

Measurements of the static pressure on the tunnel wall during the tests 
at high angles of attack at a Mach mmiber of 0.90 indicated a local Mach 
nwziber greater thsx~ 1.0, Data points obtained under these conaftions 
have been faired with a dotted lfne since the wind turn& msy ham been 
partially choked. 

Corrections for the effects of tunne1-wsI.l interference originating 
from the lift cm the wing were calculated by the method of reference 3. 
The corrections to the angle of attack and to the drag coefficient 
showed insi@ificant,variations with Mach mmiber. The corrections sdded 
to the data were as follows: 

f!a = 0.377 c& 

4 = 0.0059 c-&2 

The correction to the pitchIng+aoment coefficient and to the downwash 
engle had significant vsriaticns with Mach nwnber. The following correc- 
tions were added to the pitching4nomen.t coefficients: 
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@Cm = KlC Lt7 (Tail off) 

ACm = $1 (T&la) 

where As= K&,v 

The vahes of &&it were obtained from the test results. The values l 

of K1 and K, for each Mach number calculated by the method of refer- 
ence 3 are given in the folloving table: 

. 

M M 
0.165 0.165 

-25 
.a 
-25 

:Z 

Kl Kl 

~ 0.0030 0.0030 
.oo$i? l ow 
.0048 .0048 
,006g ,006g 
.0078 .0078 

.0087 .0087 

Ic, 

0.n 

.72 

::: 
983 

.85 

Since the turntable upon which the model was mounted was directly 
connectf3d to the bdance'system, a tare correction to the drag was 
~aecessary. * This correction was determined by multiplying the drag force 
on the turntable, as determined from tests vith the model removed from 
the wind tunnel, by the fraction of the turntable not covered by the 
model fuselage. The following corrections were subtracted from the meas- 
ured drag coefficients: 

M R C%are 
0.165 8,000,000 0.0025 

-25 8,000,000 .0024 
.25 2,om,ooo o-5 
.60 2,000,000 .oa3 
1% yg,og .0028 

.m30 
090 2:mo:oa, .0032 

No attempt has been made to evaluate tares due to interference 
between the model and the turntable or to compensate for the tunnel-floor 
boundary lager which, at the turntable, had a displacement thickness of 
one-half inch. 
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-S AND DISCUSSION 

Effect of Wing Fences 

The data of reference lhave shown that the pitching+noment char- 
acteristics of the wing-fuselage combination csn be imDroved through 
the use of fences. As would be expected, the fences caused a similar 
improvement in the pitching-moment characteristics of the wing- 
fuselage--t&L combination. (See ffg. 3.) These data show that lsrge 
reductions of static longitudinal stability at lift coefficients less 
than that for the stsll were avoided through the use of four fences on 
the wing. 

The pitching-mament contribution of the horizontal tail was not 
chsnged siepfficsntly by the addition of the wing fences, as may be 
seen from figure 4. This indicates that the adaftion of wing fences 
caused little or no change in either the average effective downwash 
sngle or the t&l efficiency factor. The improvementofthe t&Ll-on 
pitching-moment chsracteristics caused by fences, therefore, was prim 
rily due to improvements of the longitudinsl characteristics of the 
wing-fuselage combinaticm. 

s Effect of Tail Height 

The effect of increasing the tail height 0.05 b/2 is shown in 
figure 5. These data sre for the three-fence configuratim. (See 
fig. l(c).) The change in tafl height had no significant effect on the 
large chsnges in stability which occurred in the upper limoefficient 
range at the higher Mach numbers. At lower lift coefficients, the km&- 
tudinal stability and lift coefficient for bslsnce were somewhat greater 
for the higher t&l position. Both these effects msy have been caused 
by an improvement in the tail efficiency factor q(qt/q) resulting 
from moving the tail from the fuselage center line to a position above 
the fuselage, 

Longitudinal Characteristics of the Model 
With Four Wing Fences 

The effectiveness of the horizontal txdl, both as a stabilizer snd 
as a longitudinal control when mounted in the plsne of the wing root 
chord and leading edge, wss evaluated from data obttined with four 
fences on the wing. (See fig, l(c).) The aerodynsmic chsracteristics 
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of this configuration at a Reynolds number of 8,000,000 and a Mach 
mmiber of 0.16 (125 miles per hour at sea level) for a tail incidence 
of A0 are presented in figure.6. The longitudinal stability under 
these conditions is indicated to be constant up to a lift coefficient 
of about 1.5 (a = 200). It was not possible to attain maximum lift at 
this Mach number due to the angle-of-attack limitation with the fuselage 
insttied. The stall is believed to have. been imminent, however, since 
the results from reference 1 show that the wing slone stalled at an 
angle of attack of 214. 

Lift, drag, end pitching-moment data for several tail incidenc'es 
are shown in figure 7. At a Mach r.umiber of 0.25 emd a Reynolds number 
of ~,OOO,OOO (fig. 7(a)), the variation of pitching moment with lift 
was nearly linear and the control effectiveness &!&it w&8 about 
-0.030 at lift coefficients up to the stall. It can be noted fram 
figure 7(a) that the pitching-momant curves are more nearly linear with 
the tail on than with the tail off, the tail--off stability decreasing 
with increasing lift, The comparatively constant tail-en stability 
results from an increase with increasing lift coefficient of the stabil- 
ity contribution of the horizontal tail. .This contribution, if the 
increment in the lift-curve slops due to the horizontal tail is neglected, 
is proportional to 

Calculations to evaluate the average effective downwash sngle and the 
tail efficiency factor were made using the force data of figure 7 and 
the isolated tail data of figure 8. These calculations were performed 
in the ssme maoner as in reference 4. In choosing the lift-curve slope 
of the isolated horizontal tail used in calculating q(qt/q), it was 
assumed ihat the Machnuriber atthetailwas the same as the free- 
stream Mach number. The results of the calculations for a Mach number 
of 0.25 snd a Reynolds number of ~,OOO,OOO indicate nearly constant 
values of the tat.1 efficiency factor q(q.Jq) and of the rate of 
change of effective downwash with angle of attack de/du up to a lift 
coefficient of 1.0. (See fig. 9.) The factor 

however, increases at the higher lift coefficients in a msnner which : 
compensates for ths reduction of the stability of the wing--fuselage 
combination. This compensating effect is not mere coincidence, since, s 

. 
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on a swept wing, a reduction of lift-curve slop8 usually occurs 
simultsneously with a reduction of longitudinal stability. 

The data for Mach numbers fram 0.60 to 0.90 (figs. 7(c) to 7(f)) 
indicate nearly constant longitudinal stability and control effective- 
ness up to a lift coefficient of about 0.7 at each Mach number. At 
approximately this lift coefficient, the longitudinal stability decreased 
for a small range of lift coefficients and then increased vith further 
increase in lift coefficient. !K%ls increase in tail-on stability is 
opposite that which occurs with the tail off. The data of figure 10 
show that this effect is due primarily to a large increase in the ratio 

As inthelow-speed case, the increase was caused by a reduction in 
wing lift-curve slope vhfch accompanied a reducticm in the stability of 
the wing-fuselage coribination. 

The effect of Mxch number on the tail control+ffectiveness parau+ 
eter &&t and the tail-on pitching+uoment-curve slope dCm/dCD 
at a lift coefficient of 0.4 is presented in figure 11. From these 

data it may be seen that the control effectiv8ness increased about 
17 percent between Mach numbers of 0.25 and 0.90. Within the same 
Mach nuniber range, the pitching+nomenWve slope varied about 0.06. 
The variation withMach number of the factors contributing to the con- 
trol effectiv8nessand to the tail-on pitching+n~nt-curv8 slope has 
also been included in figure 11. 

Estimation of AV8rag8 Eff8CtiVe Downwash 

The effective downwash angles in the plan8 of the wing root chord 
and lesding edge evaluated from the test results are presented as a 
function of angle of attack in figure 12. Th8 theoretical variation of 
downwash with angle of attack in this plan8 and th8 positian of the ten- 
ter of the wake were calculated by the method of reference 5. The vari* 
tion of loading, as well as the variation of downwash angle, across th8 
span of the horizontal tail was taken into account when calculating the 
average effective downwash. The results of the88 calculations a;r8 pre- 
sented in figllr86 13 and 14. In applying the method of reference 5, it 
was foundthatthe calculateddownwsshsas sensitive to small changes in 

5 the wing-loading, especially near th8 plan8 of SpUDl8tl'y. The theoreti- 
c&l loading and lift-curve slop8 were calculated by the modified 
FRlkner lgl method which, as indicated in reference 6, fields accurate 

- . 
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results for swept-back wings of high aspect ratio. Account was taken 
of the effect of the fuselage on the loading according to the method 
outlined in reference 7. It wasalso necessary to account for the 
effects of wing incidence with respect to the fuselage. This was 
accomplished by assuming an altered twist distribution nesr the root 
section such that the chord at the plane of symmetry had an angle of 
attack equal to that of the fuselage center tie. The results of these 
calculations sre compared with unpublished experimental loadings for 
Mach numbers of 0.25 and 0.80 in figure 15. Both the theoretical and 
the exper.imental loadings were used in obtaining the theoretical down- 
wash by the method of reference 5. The accuracy of this method in pre- 
dicting downwaeh for this wing may be ascertained from the following 
table: 

c 

.- 

* 

do/da, measured at CL=O 
M Theoretical - Theoretical - 

Erp8riment Theoretical loading Experimental loading 

0.25 0.18 0.30 0.26 
.80 .28 -37 -37 

From these data it may be seen that the theoretical method overestimates 
the average effective downwash by a considerable amount. As a consequence, 
the stability contribution of the horizontal tail, which is dependent 
upon l-de/da, would be underestimated by as much as 15 percent if the 
theoretical values of da/da were used. -As noted previously, the theo- 
retical values of downwash were found to be sensitive to small Changes 
in wing loading, especially nesr the plane of symmetry. For example, 
the theoretical loading at 15 percent of the semispan at a Mach number 
of 0.25 dif!Kered from the experimental loading by only 4 percent, yet 
the values of downwash calculated for the two loadings differed by about 
14 percent. 

CONCLODING REMARKS 

The results of wind-tunnel tests to evaluate the longitudinal chsr- 
acteristics of a wing-fuselage-tail combination suitable for a long-range 
airplane to fly at high subsonic speeds have been presented. The wing 
had 40° of sweepback and an aspect ratio of 10. The all-movable hori- 
zontal tail had 40° of sweepback and en aspect ratio of 4.2. 

The results of this investigation indicate that at a low Mach number, 
corresponding to a speed of I25 miles per hour at sea level, the static 
longitudinal stability of the win-fuse1 &.&s-i1 combination with four 
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wing fences was nealy constant up to a lift coefficient of 1.5. For a 
given Mach number in the range from 0.6 to 0.9, the static longitudinal 
stability was nearly constant for lift coefficients up to about 0.7. At 
a lift coefficient of 0.4, the variation of pitching-moment-curve slope 
between Mach numbers of 0.25 and 0.90 was about 0.06. The all-movable 
horizontal tail provided nesrly constant controL effectiveness throughout 
the lift range for a given Mach number, and its effectiveness increased 
by about 17 percent in the Mach number range from 0.25 to 0.90. 

Without fences, there were lsrge reductions In the longitudinal 
stability of the wing-fuselage-tail ccxabination In the high-lift range. 
These reductions were caused primarily by changes in the static longi- 
tudinal stability of the wing-fuselage combination. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics ' 

Moffett Field, Calif. 

1. Edwards, George G., Tinling, Bruce E., and Ackerman, Arthur C.: 
I The LongitudinU Characteristics at Mach Numbers up to 0.92 

of a Cambered and Twisted Wing Having 4-O" of Sweepback and an 
Aspect Ratio of 10. NACA RM A52F18, 1952. 

2. Eerriot, John G.: Blockage Corrections for Three-Dimensional-Flow 
Closed-Throat Wind Tunnels With Consideration of the Effect of 
Compressibility. NACa Rep, 995, 19%. (Formerly NACA RM A7B28) 

3. GiveUs, James C., and Salmi, Rachel M.; Jet-Boundary Corrections 
for Complete and Semispan Swept Wings in Closed CIrculsr Wind 
Tunnels. NACA TN 2454, 19%. 

4. Johnson, Ben H., Jr., snd Rollins, Francis W.: Investigation of a 
Thin Wing of Aapect Ratio 4 in the Ames X&foot Pressure Wind 
Tunnel. v - Static Longitudinal Stability and Control Throughout 
the Subsonic Speed Range of a S&span Model of a Supersonic Air- 
plane. NACA RM AgIOl, 1949. 

5. Diederich, Franklin W.: Charts and Tables for Use fn Calculations 
of Downwash of Wings of Arbitrsry Plan Form. NACA TN 2353, 1951. 

6. Schneider, William C.: A Comparison of the Spsnwise Loading Calcu- 
lated by Various Methods With Experimental Loadings Obtained on 
a 45’ Swept-Back Wing of Aspect Ratio 8 at a Reynolds Number 
of 4.0 x log. NACA RM L51G30, 1952. 



NACARMA!Y2119 

7. Martha, Alhrt P.: The Interference Effects of a Body on the 
Spanwise Load Distributions of Two 45’ SwepGEhck Wings of 
Aspect Ratio 8 Fmm LouSpeed Tests at a Reynolds Xuuiber of 
4 x10% NXARM L51Ic23, 1952. 



NACA RM A52119 

TABIX I.- GEOMEZEECALpRCEZRTIESOF!lVEMJDEL 
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Wing (Reference sweep line: Locus of quarter chords of 
sections inclined 40° to plane of synunetry) 

Aspect ratio. . . . . . . . . . . . . . . . . . . . . . . . 10.0 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . 0.4 
Sweepback 
Twist (wash&i ,t't&j : : : : : : : : : : : : : : : : : : : 

4o" 
5O 

Reference sections (normal to reference sweep line> 

Root. . . . . . . . . . . . . . . . KACA 0014&0.8 (mdAf'ied) 

Tip . . . . . . . . . . . . . . . . 

Area (setispanmodel) ................. 6.&4ft2 
Manaerodynamic chord .................. 1.251 f-t 

Horizontal t&l (Reference sweep line: Locus of quszter chords 
of sections inclined 40° to plane of syrmmtry) 

Aspectratio ........................ 4.5 
Taper ratio ........................ 0.4 
Sweepback 
Reference se&& 

....................................... 4o" 
. NAC!A 0010 

TaLllength, Zt ...................... 3.2527 
Area (semispasmodel) ................. .1.387 ft2 
Meanaerodynamic chord. ................. 0.833 ft 
TsLlvolume, 2& (St/S& ................ 0.65 
Tail heights (measured from the intersection of the 

fuselage center line and the plane of the wing root chord 
sndleadingedge) ............... ..OorO.Bb/ 2 



14 

TABIE I.-'XXDJDD 

NACA RM A52119 - 
Y 

. 

Fineness ratio . . . . . . . . . . 
Fuselage coordinates: 

Distance fmm Radius, 
nose, ihches hOhaS 

0 
1.27 

0 
1.04 

, 2.54 
5.08 

10.16 
20.31 

z-2 

~:~ 
70:oo 
g-g 

88:OO 
94. al 

lOO.al 
106.00 
126.00 

1.57 
2.35 
;.g 

. 
4i90 
5.00 
5.00 
5.00 
5.00 
4.96 
4.83 
4.61 
4.27 
3.77 
3.03 
0 

. . . . . . . . . . . . 12.6 

. 
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Figure 2.- Photograph of the modelmounted in the wind tunnel. 
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